The present investigation was carried out to characterize starches, particle size, morphology index and structural properties from velvet bean seed powder. Structural characteristics of starch extracted from these nano sized seed powder was evaluated using X-ray diffraction (XRD) and analyzed particles size, morphology, and degree of Crystallinity. From our XRD analysis, starch presented a C-type XRD pattern and crystallite size of 38.26Å.
Introduction
Mucuna pruriens var. utilis commonly known as velvet bean or cow-itch is a self-pollinated tropical legume known for its medicinal properties and reported to be indigenous to India and china. The velvet bean is consumed and promoted by smallholder farmers in Africa, South America and South Asia as a green manure or a cover crop [1, 2] because this plant possess valuable medicinal properties and it has been studied for various activities like itching [3] , antioxidant [4] , anti-diabetic [5] anti-neoplastic, anti-epileptic, antimicrobial [6] , aphrodisiac [7] and antihelmintic activity [8] . Mucuna pruriens has also been shown to be neuro protective and as a fertility agent (in men). It also has analgesic and antiinflammatory activities [9] . The velvet bean is rich in protein (23-35%) and has a nutritional quality comparable to that of other pulses like soybean, rice bean and lima bean [10, 11] . It is considered a viable source of dietary proteins [12, 13] due to its high protein concentration (23- 35%) in addition its digestibility, which is comparable to that of other pulses such as soybean, rice bean, and lima bean [11] . Legume proteins are used as ingredients primarily to increase nutritional quality and to provide a variety of functional properties, including desirable structure, texture, flavour, and colour characteristics in formulated food products. It is therefore regarded a good source of food.
Starch is a polysaccharide originated from plants as renewable resources. Legumes contain about 60% carbohydrates in which starch constitutes the major portion [14] . Modified starches played a significant role in fat-reduction products, fat replacers in dairy applications, baking applications and meat applications [15] . Starch, the principal carbohydrate constituent of majority of plant materials, merits a detailed investigation to understand better its biochemical and functional Nano Biomed. Eng.
characteristics as well as variations [16] . Starch is considered of commercial importance due to its high industrial demand as an ingredient for a variety of processed foods [17] . Applications of starch in food systems are primarily governed by gelatinization, pasting, solubility, swelling and digestibility properties. Starch is a biocompatible polymer. The use of synthetic polymer matrix materials often goes along with detrimental effects on incorporated drug during manufacturing of formulations or during the degradation of the polymers after application [18] .
Legume starches have been characterized by a high amylose content of 24-65% [19] . The amylose content of the starch varies with the botanical source of the starch and is affected by the climatic conditions and soil type during growth [20] . The activities of the enzymes involved in starch biosynthesis may be responsible for the variation in amylose content among the various starches [21] isolated in this work.
Mucuna starch can contribute greatly to the textural properties of many foods and in industries as a thickener, gelling agent and bulking agent. X-ray diffraction (XRD) pattern is mainly showing the properties of starch. For the first time, XRD investigations of the nano sized particles of velvet bean seed are recorded. The objective of the study was to investigate the type of starch, particle size, gold nano particle formation, morphology index and structural properties from velvet bean seed powder.
2.Material and Methods

Powder preparation
Velvet bean (Mucuna pruriens) seeds were collected from Western Ghats at Tirunelveli district, Tamilnadu, India. The seeds were cleaned and sun dried for 10 days. For these experimental purposes, 100 mg dried seeds were put in a 3 mixer-grinder cum blender which having 550 watts, 17000 rpm rotating speed electrical motor. The seeds were grounded and crushed well and uniformly for 15 minutes with utmost precaution to avoid any contamination and made them as nano-sized powder. The powdered materials were packed in plastic pouches and stored in normal room temperature until use.
XRD analysis
XRD analysis of the prepared sample of seed nanoparticles was done using a X'pert PRO of PANalytical diffractometer, Cu-Kα X-rays of wavelength (λ) =1.54056 Å and data was taken for the 2θ range of 10° to 80° with a step of 0.02°. XRD analysis gave Size and degree of crystalline of the particles. Its structural characterizations were studied and results confirmed the nano sized seed powder. This analysis was done by Department of Nano science and technology, SRM University.
Extract preparation
The solvent systems of methanol were used for extractions. Soxhlet and flask extraction procedures were adapted for extraction. 10 g of the powered seed samples were packed in muslin cloth and used for extraction by soxhlet apparatus at a temperature below the boiling temperature of each solvent. A portion of the powdered seed samples was soaked in the conical flask containing solvent, wrapped with aluminum foil and placed in shaker for 48 hours at 120-130 rpm. After 48 hours, the extracts were filtered using Whatman filter paper No: 1. Following that the solvent the residue was dissolved in sterile dimethylsulfoxide (DMSO-9:1) in 50 mg/ml concentration. The extract was filtered using 0.22 micro filters (Type GV-Millipore) and stored at 4°C for further study
Gold nanoparticle analysis
1 mM solution of 100 mL Chloroauric acid (0.034 g) at concentration of 1 mM was prepared by dissolving DDW (100 mL), kept in a 250 mL Erlenmeyer flask. 100 mL of velvet bean (0.060 g) supernatant was added to the chloroauric acid solution. The 95% of the bioreduction of AuCl 4 − ions occurred within 10min. The yellow colored solution which it turned purple red slowly, indicating the formation of gold nanoparticles. XRD measurement of the velvet bean gold nanoparticles was carried out on films of the respective solutions drop coated onto glass substrates on a Rich Seifert P3000 instrument operating at a voltage of 40 kV and a current of 30 mA with Cu Kα1 radiations.
Results and discussion
XRD studies
Peak indexing
The X-ray diffraction pattern of the velvet bean white colored seed powder nanoparticles is shown in Fig. 1 . Indexing is the process of determining the size and shape of the unit cell given the peak positions in a diffraction pattern. The term gets its name from the assignment of Miller index labels to individual peaks. For most applications, the index labels are less important than are the unit cell length and angle parameters that provide the link between crystal properties and the diffraction pattern. The indexing process of velvet bean powder diffraction pattern is done and Miller Indices (hkl) to each peak is assigned. The details are in Table 1 . A number of Bragg reflections which is correspond to the peak reflection as follows, 111, 200, 211, 311 and 322, respectively. The diffraction peaks are broad which is indicating the crystallite size is very small. The size of the velvet bean seed nanoparticles estimated from Debye-Scherrer formula is was found to be 15 to 41 nm.
XRD-Particle size calculation
Particle size and size distribution are the most important characteristics of nanoparticle systems. They determine the in vivo distribution, biological fate, toxicity and the targeting ability of nanoparticle systems. Many studies have demonstrated that nanoparticles of submicron size have a number of advantages over micro particles as a drug delivery system [22] . From this study, considering the peak at degrees, average particle size has been estimated by using Debye-Scherrer formula.
Where 'λ' is wave length of X-Ray (0.1541 nm), 'β' is FWHM (full width at half maximum), 'θ' is the diffraction angle and 'D' is particle diameter size. The calculated particle size details are in Table 2 . The value of d (the interplanar spacing between the atoms) is calculated using Bragg's Law. 2d sinθ = nλ (2)
XRD-Degree of crystallinity
Degree of crystalline is perhaps the most common quantitative application of XRD. When the amorphous phase is present or suspected, XRD can be used to characterize the material and determine the ratio of crystalline to amorphous material in the sample. Starch is an important polysaccharide reserve in legumes. It consists of two main components, amylose and amylopectin. It is a semi-crystalline polymer in which amylose forms the crystalline region and amylopectin forms the amorphous region [23] . The main crystalline peaks in the XRD pattern are attributed to the crystalline peaks of starch. It is generally agreed that the peak breadth of a specific phase of material is directly proportional to the mean crystallite size of that material. Quantitatively speaking, sharper XRD peaks are typically indicative of high nano crystalline nature and larger crystallite materials. An empirical method of Segal for crystalline degree calculation is below [24] . C rI =100 (I 002 -I Amorph )/I 002 (3) Where C rI is the degree of crystallinity, I 002 is the maximum intensity of the lattice diffraction and I Amorph (311) is the intensity diffraction at 31° 42θ degrees. Peak intensity details are enumerated in Table 3 . CrI is calculated using the Segal et al. equation .The final value is well in agreement with amylose content of starch of legumes seed powder and amylose occupies the crystalline parts of starch.
XRD-Starch analysis
Its XRD pattern is the "fingerprint" of the crystal structure within starch grains. According to the characteristic X-ray diffraction lines, the crystal structure of starch can be divided into three types, including A, B and C type. Of these A, B, and C-type are the crystal structures of natural starch. The crystalline patterns of velvet bean legume starches as determined by XRD are shown in Fig. 1 . Starch can be classified into A, B and C forms [25] . All legume starches showed a characteristic C-type diffraction pattern, which actually consisted of a mixture of A and B-type crystalline structure [26] . A form starch is mainly present in cereal starches, such as maize starch and wheat starch. The XRD patterns of these starches give the stronger diffraction peaks at around 15, 17, 18 and 23°. The B form starch is usually available in tuber starch such as potato and this type of starch gives the strongest diffraction peak at 17° 2θ. The C pattern starch is a mixture of both A and B types, such as smooth seeded pea starch and various bean starches. A C-type X-ray pattern for different legume starches has been previously reported [27, 28] XRD pattern may depend on starch origin as well as environmental growth condition [29] It shows diffraction peaks at around 15°, 17°, 23°, 31°and 38°. These are indicating the presence of type-C starch in the seed flour of velvet bean.
XRD-Morphology index
The use of legumes seed powder as a raw material is derived from its unique structural, physical and chemical properties, which are reflected by its hardness, surface properties, particle size and morphology. A XRD morphology index (MI) is developed from FWHM of X-Ray diffraction data to understand this relationship. Morphology index (MI) relates the FWHM of two peaks to its particle morphology (peak having highest FWHM and a particular peak's FWHM for which MI is calculated). Generally, highest FWHM peak MI is 0.5 because the MI is derived from the single peak only. MI is obtained using the following equation. Experimental velvet bean seed powder MI range is from 0.50 to 0.72 and the details are presented in Table-4 . It is correlated with the particle size. The result shows that morphology index has direct relationship with particle size. The results are shown in Fig. 2 .
Where, M.I. is morphology index, FWHMh is highest FWHM value obtained from peaks and FWHMp is value of particular peak's FWHM for which M.I. is to be calculated.
XRD-Specific surface area
Specific surface area (SSA) is a material property. It is a derived scientific value that can be used to determine the type and properties of a material. It has a particular importance in case of adsorption, heterogeneous catalysis and reactions on surfaces.
S=6*10
Where S is the specific surface area, Dp is the size of the particles, and ρ is the density of sample. Mathematically, SSA can be calculated using these formulas. The value of density is 0.60 g/cm 3 which noted from the studies of [30] .The theoretical calculation of SSA of velvet bean seed nanoparticles are presented in Table 5 . It is correlated with morphological index. It is observed that SSA has indirect relationship with M.I shown in Fig. 3. 
Gold nanoparticles analysis
The biosynthesis of gold nanoparticle of velvet bean seed was carried out in this work. The addition of seed extract to 1 mM aqueous HAuCl 4 resulted in the color change to pink-ruby red after 10min of reaction due to the production of gold nanoparticles. These color changes arise because of the excitation of surface plasmon vibrations with the gold nanoparticles [31] .
XRD pattern obtained has been represented in Fig. 1 . XRD study was used to confirm the crystalline nature of the particle. The XRD patterns thus clearly show that the gold nanoparticles formed by the bioreduction of M. pruriens seed extract. The XRD analysis showed intense peaks corresponding to (111), (200) and (211) Bragg's reflection based on the FCC structure of gold nanoparticles. The broadening of Bragg's peaks indicates the formation of nanoparticle. The size of the nanoparticles was thus determined to be about 15 nm for gold nanoparticles. The mean size of gold nanoparticles was calculated using the Debye-Scherrer's equation by determining the width of the (111) Bragg reflection [32] .
The morphology and size of as-formed gold nanoparticles were further determined by HR-TEM images. TEM image has shown well structured individual gold nanoparticles without aggregates. The images clearly show that the average size of the particles was found to be 14 to 42 nm. The HR-TEM image showed that biosynthesized gold nanoparticles presented variable shape most of them were predominantly monodisperse in nature with some others having spherical shape in the micrograph (Fig. 4) . Various magnifications of TEM images of gold nanoparticles is noted that the particles are of uniformed size ca. around 15 nm. TEM analysis revealed that the synthesized nanoparticles are stable in solution over a period of one month at room temperature. 
CONCLUSION
The results of the study suggested that the morphological index, particle size and crystalline properties were observed from the flour of velvet bean starches. The digestibility of starch showed a significant correlation to particle size and morphological index. The results revealed that the structural property relationships have been established for native velvet bean starches. It yields the results that morphology index has direct relationship with particle size and indirect relationship with specific surface area. It is desirable that further studies be conducted on utilization of velvet bean starches in common food products like starch noodles and snack foods and their structural modification by chemical processes to make velvet bean starch more useful for the food processors. This seed extract was found appropriate for the synthesis of gold nanoparticles with monodisperse, stable and having size ranges from 14 to 43 nm. The evidence of these nanocrystals and nano particle among other things, is a step towards meeting the quest for nanotechnology in all fields.This study suggests that velvet bean seed powder has a lot of potential in food, pharmaceuticals, and bio-medicine, bio-nanotechnology industries.
